We propose an equity finance model with agency problems and investigate the relationship between dividend taxation and inefficient investments. Contrary to both the "old" and the "new" view of dividend taxation, a fall in the dividend tax rate is found to improve corporate governance by increasing dividends and limiting inefficient overinvestments. These results are derived both in a two-period framework and in more general cases with JEL Classification Codes: D83, G33, H21.
I. Introduction
Following months of debate and political wrangling, the U.S. congress passed the "Jobs and Growth Tax Relief Reconciliation Act" (JGTRRA) in May 2003, which among other provisions reduces the maximum tax rate on dividends from 38% to 15%, thus eliminating the tax wedge between income from capital gains and dividends. This legislation has been hailed by the administration as a much needed jump-start to the struggling economy and is set to expire in 2008. However, the debate on the effects of the JGTRRA is still very controversial. For instance, according to Auerbach and Hassett (2005) , one of the objectives of the act, namely to promote investments and thus increase economic growth, seems to have been missed. Further, opinion polls in the Wall Street Journal, document that six out of ten surveyed claim that the act will solely increase the financial deficit and benefit only the wealthiest.
2 The JGTRRA is hence defied by many and its perpetuation in 2008 is questionable.
While a vast literature has studied the effect of the 2003 dividend tax cut on financial markets, 3 to our best knowledge, so far, no paper has formally studied the impact of a dividend tax cut on investment behavior in a corporate governance setting. This approach, however, adds a crucial dimension to the analysis of tax cuts in general and the JGTRRA in particular. By allowing managers to act in a self-interested way and by focusing on the relationship between shareholders and managers as principles and agents, a dividend tax cut may indirectly influence investment behavior by acting on this principle-agent relationship. This setup may thus provide arguments in favor of the JGTRRA by focussing not so much on the total amount invested, but rather on investment efficiency as the outcome of the principle-agent interaction. Finally, the agency approach adopted in this paper, first formulated by Easterbrook (1984) , abandons the idea of perfect agents. It explains the dividend policy of a firm as a solution to the principal-agent problem between managers and investors. Self-interested managers with empire-building tendencies do not always pursue efficient investment strategies and do not necessarily provide outside investors with an (adequate) rate of return on the invested capital. Agency problems are most pronounced and especially difficult to deal with when managers have ample internal funds and do not need to recur to the external capital market to finance new investment projects.
According to Jensen (1986) , managers may even refrain from disbursing those internal funds they dispose of in excess of all efficient investment opportunities, preferring to reinvest this so called "free cash flow" inefficiently. In such a context, dividends may be considered as a corporate governance device that helps to align managers' and investors'
interests. If a dividend payment can be enforced, managers have to disgorge part of the free cash flow and have less funds left to reinvest inefficiently. Regular dividend payments can force managers to finance new investment projects with external capital, subjecting themselves to stricter monitoring and disciplinary devices in order to attract new funds. Given that there are agency problems, therefore, dividends can be seen as enhancing the quality of corporate governance; and the existence of dividends can be justified even in the presence of dividend taxation.
In recent years, the agency approach has found strong support by several empirical studies. For instance, Chetty and Saez (2005) , Brown, Liang, and Weisbenner (2004) , Dietz and Gordon (2006) , Fenn and Liang (2001) and DeAngelo, DeAngelo, and Stulz (2004) , among others, all support the view that the agency theory may be crucial in the determination of dividend payments. In addition, while the overall number of dividend paying firms has decreased over the recent years, as found by Fama and French (2001) , DeAngelo, DeAngelo, and Skinner (2004) note that the total amount of dividends paid from top-earning firms has increased. This indicates that those firms with the highest cash flows, that are therefore most prone to the agency problems associated with free cash flow, pay substantial dividends.
In this paper, we propose a model that illustrates how dividend taxation affects investment decisions in the presence of agency problems and how this yields predictions that differ from both the "old" and the "new" view of dividend taxation and that may be used as support for the JGTRRA. In particular, we focus on the negative correlation between dividend taxation and investment efficiency. Our idea is based on the corporate governance models of outside finance in the spirit of Myers (2000) and Tirole (2001) , in which dividend payments occur because of an underlying agency problem. Investors threaten to liquidate a project if the expected return falls below a certain threshold. This threat is, however, associated with costs of collective action. Managers disburse part of the cash flow as a dividend in order to convince investors to continue investing in the project, voluntarily limiting inefficient reinvestment. At the same time, this liquidation threat is heavily exposed to changes in the dividend tax rate because a dividend tax affects its credibility: An increase in the tax rate lowers the return of collective action, thus weakening the liquidation threat. It therefore leaves more free cash flow at the managers' discretion and indirectly increases inefficient over-investment. Thus, the inclusion of agency problems implies that the investment efficiency decreases with a rise in the dividend tax rate.
After presenting the basic idea and the mechanism of the liquidation threat in a two period framework, the model is extended to n periods by letting the investor threaten with the liquidation of the firm repeatedly in the firm's life cycle. The optimal dividend payout is found by backward induction similar in spirit to a real options approach.
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This extension shows -apart from illustrating how the modeling frameworks of the corporate finance literature offer interesting and straightforward alternatives to the standard principle-agent models -that even if investors take into account all future decisions, the effect of the tax on investment efficiency remains unchanged.
The implications of the model are further tested by introducing uninformed, but learning investors, as many recent studies have recognized the importance of learning for asset pricing. 9 In the prior literature, information uncertainty is often modeled as the information asymmetry component of cost of capital (see Diamond and Verrecchia, 1991, and Easley and O'Hara, 2004) . The theoretical argument that accounting disclosure can reduce information uncertainty and cost of capital is appealing, but the empirical evidence is rather mixed and inconclusive. Contrary to most of these approaches, we study the effect of investors' learning on the capital path of a mature firm paying out dividends.
We do this by assuming that the uninformed investors do not know the underlying probability distribution of the rate of return on investments. Nevertheless, they hold a prior probability that is updated after each realization. The managers know the true probabilities and, depending on the state of the capital path, offer dividends to investors in order to prevent liquidation. By means of Bayesian updating, we obtain solutions for the capital evolution and especially we show that inefficient investments decrease with uncertainty. Moreover, we find that inefficient investment with learning investors lies below inefficient investment in a full information economy, 10 and, most importantly, the effect of the dividend tax on the investment efficiency remains unaltered in this setting with uncertainty. Altogether, these different theoretical frameworks illustrate that the effect of dividend taxation on the principle-agent relationship between managers and investors and thus on investment behavior is robust in theory to different setups.
Our empirical analysis confirms the model's hypotheses using a large panel of data covering the years 1980 to 2005, hence including the 2003 dividend tax cut in the United States. We use Tobin's q as a proxy for investment efficiency and account for both firm-and industry-specific effects. The investigation is based on the assumptions that agency problems drive the dividend policy of a firm.
11 Our results show that the reduction in the discrimination 8 The real options analysis literature is too voluminous to cite here, we refer to the seminal paper by Myers (1977) . 9 Bernardo and Chowdry (2002) explore the implications of firms' learning about their own efficiency. Timmerman (1993) and David (1997) , Veronesi (1999 Veronesi ( , 2000 , Brennan and Xia (2001) , Pástor and Veronesi (2003) , Guidolin and Timmerman (2006) , among many others, show how learning about hidden state variables, such as the dividend growth rate, has equilibrium implications on stock prices or on market-to-book ratios.
10 The efficiency enhancing role of learning lies in the fact that when uncertainty is high, the amount of capital at the disposal of the manager is lower since investors demand a higher premium. When uncertainty dissolves through learning, the premium that investors demand decreases and capital and hence investment rise, approaching the level of full information.
11 Evidence on this assumption is vast, and especially in recent time, as DeAngelo, DeAngelo, and Stulz (2004) , Brown, Liang, and Weisbenner (2004) and Chetty and Saez (2005) have shown.
against dividends as compared to capital gains has a highly significant, positive effect on investment efficiency, thus reinforcing our theoretical results and yielding support for a perpetuation of the JGTRRA in 2008. We also confirm our hypothesis that uncertainty decreases inefficient investment by proxying uncertainty by analysts' dispersion.
The contribution of this paper is threefold. First, this paper is, to our best knowledge, 12 the first to explicitly model the interaction of dividend taxation, investment behavior, and agency problems in a simple corporate governance framework. Second, this paper derives a positive relationship between taxation and inefficient investment, which stands in contrast to the existing literature. The implication of this result with respect to overall investment efficiency is found to be robust with respect to the assumptions on the information set of investors. Third, we perform a cross-sectional analysis by studying the investment and dividend payment behavior of 4'272 firms before and after the 2003 dividend tax cut in the United States. The data is found to confirm our model predictions.
The paper is structured as follows. In Section II we develop a theoretical model in a two-period framework that illustrates how a higher dividend tax rate may increase overall -inefficient -investments in mature firms. In Section III, the model is extended to n periods by means of a bivariate binomial tree. The relationship between changes in the tax rate, dividend payments, and investment efficiency is analyzed both in a setting with perfectly informed and uninformed, but learning investors. In Section IV, we present empirical evidence based on data retrieved from the COMPUSTAT and the Institutional Brokers Estimate System (I/B/E/S) database to show how the 2003 dividend tax cut in the United States has affected dividends and investment efficiency. Section V concludes.
12 The possible interrelation between dividend policy, agency problems, and investment behavior is an issue that has already been touched upon by several authors. Chetty and Saez (2005) , La Porta, Lopez-de-Silanes, Shleifer, and Vishny (2000) and Morck and Yeung (2005) mention in their papers the possibility that dividends mitigate agency problems and that a dividend tax may lead to an increase in inefficient overinvestment. However, none of these papers propose a simple corporate governance model to capture these effects or presents explicit empirical evidence. Dietz and Gordon (2006) present a paper that is also based on this idea, but focuses on theoretically and empirically comparing different approaches to the dividend puzzle.
II. A two-period Framework
In our model, we assume that managers have empire building preferences and do therefore always prefer to retain funds and reinvest them rather than to redistribute them to outside investors.
13 The venture is ex-ante set up to last for two periods, which implies that the reinvestment will take place in the second period even if the expected rate of return lies below the market rate of return and a continuation is highly inefficient. Investors are, however,
given the opportunity to terminate the venture prematurely after the first period in case the expected rate of return is too low. Premature liquidation is associated with costs of collective action, c. When deciding on the collective action, investors compare the payoff from collective action and premature liquidation to the expected payoffs from continuation.
Empire building managers will try to avert impending liquidation. The threat of collective action and ensuing liquidation entice them to pay out part of the free cash flow voluntarily as a dividend after the first period. This voluntary disbursement of cash increases the continuation value of the project by limiting inefficient reinvestment such that investors will be just indifferent between liquidation and continuation. Due to the costs of collective action, this still leaves some funds at the manager's disposal. The introduction of a dividend tax will decrease the investors' return to collective action, thus diminishing the power of the liquidation threat and the ability of investors to enforce dividend payments. As dividends fall, investment efficiency declines.
A. Timing
In order to illustrate the effect of dividend taxation on investment efficiency in case of empire building managers and to elucidate how the liquidation threat may entice dividend payments, we first concentrate on a two-period model with three points in time, 0, 1 and 2. At time 2, the firm 14 is automatically liquidated. At time 0, the firm has a capital stock of K 0 . In the first period, investment takes place. Since we assume full depreciation, the capital stock is equal to total investments. With probability p, the return on investment is above the market rate of return and equal to 1 + m H r , with r being the market rate of return and m H > 1. With probability (1 − p) , the return on investment is below the market rate of return and equal to 1 + m L r , with m L < 1. For the sake of 13 The assumption of empire building is rather common in the literature. Empire building is usually modeled by introducing managerial benefits of control (see Grossman and Hart, 1988) that are proportional to the total amount invested, see for example Hart and Moore (1995) . In line with Hart and Moore (1995) , Zwiebel (1996) and, in part of their analysis, and in line with Dewatripont and Tirole (1994) , we assume that the empire building tendencies cannot be avoided by optimal contracting. There is twofold evidence in the empirical literature of empire building tendencies of management: First, the fact that diversified firms often trade at a discount is in part attributed to inefficient diversification decisions of empire building managers. The notion of the diversification discount, coined by Lang and Stulz (1994) , reflects the prevalent belief that diversification may destroy value. Second, Blanchard, Lopez-de-Silanes, and Shleifer (1994) have direct empirical evidence that free cash flow is rather inefficiently deployed than paid out to shareholders.
14 When using the term "firm", we actually refer to one (inefficient) investment project within a firm. While, the overall investment opportunity set of the company might encompass one or more efficient or inefficient investment projects, this does not alter the economic implications of the model. simplicity, but without loss of generality, we assume that agents are risk-neutral. Further, since we are interested in the effect of dividend taxation on inefficient investments by empire building managers, we consider the situation where E 1 + m i r < r, i.e. the investment capital is trapped within the firm (trapped equity). In t = 1, investors can threaten with liquidation. We depict the course of action in the two-period model in Figure 2 . The simple threat to terminate the venture is sufficient to enforce a dividend payment and to discipline managers, a clear improvement compared to the situation in which investors have no possibility to enforce any payments in case investment opportunities are inefficient.
B. Liquidation Threat
The effectiveness of the investors' liquidation threat will depend on the cash flow that has accrued so far and on the expected return in the next period. The higher the cash flow in t = 1, the more credible is the liquidation threat as the costs of collective action are assumed to be constant and therefore act as a fixed cost argument. The higher the expected rate of return in the next period, the less credible is the liquidation threat. The tree in Figure 3 illustrates the possible paths of firm capital. All projects end in t = 2.
In t = 1 (nodes B and C), investors will compare the liquidation value of the project, V i liq , with the continuation value V i con given that no dividend is being paid out. The liquidation value amounts to:
with i = {H, L} , depending on which state has occurred in the first period, τ being the dividend tax rate applicable to all cash that leaves the firm, and c denoting the costs of collective action. The subindex 'liq' stands for liquidation.
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Figure 3. Evolution of Investment in the Two-Period Model
In node B, a capital of K
has accrued with probability p, in node C, the capital has amounted with probability
If no dividend is paid out, the continuation value amounts to:
Again, i = {H, L} denotes which state has occurred, and E 1 + m i r is the expected rate of return in the next period, which is equal to p 1 + m
The expected rate of return in the second and last period may lie above or below the market rate of return,
i.e. it may be efficient to reinvest, or it may be inefficient to do so. Anticipated inefficiency of investment does not necessarily imply that the liquidation threat is binding and that a dividend is paid out. The threshold level below which the expected rate of return has to fall in order for the liquidation threat to bind and can be derived easily as the liquidation threat binds if the following inequality holds:
Substituting out for V i liq and V i con and solving for E 1 + m i r yields:
It is important to note that this threshold level does not correspond to the market rate of return: Since premature liquidation is associated with costs of collective action, investors will abstain from it in case of small deviations from the market rate of return.
There are thus two cases that can be distinguished: First, it may be that the liquidation threat is not binding, and the expected rate of return is consequently sufficiently high to make continuation an attractive option for investors.
It is important to know that a non-binding liquidation threat is not necessarily tantamount to a return at least as high as the market interest rate: as indicated in inequality (4), it is possible that a reinvestment is inefficient, but not enough to justify the costs of collective action. Second, it may be that the liquidation threat is credible and binds:
The expected rate of return may fall below the threshold indicated in equation (4), and the reinvestment is so highly inefficient that the liquidation value lies above the continuation value. This is the case we are most interested in, as managers will now agree to voluntarily pay out a dividend that limits inefficient reinvestment in order to increase the continuation value and prevent liquidation.
The continuation value with dividends, V i con,D amounts to:
The size of the dividend payment is determined by the difference between the liquidation value and the continuation value with dividends and will make investors just indifferent between liquidation and continuation:
The dividend payment will have to amount to:
and the reinvestment in the second period, which is denoted by Z i 1 , will be:
.
A binding liquidation threat thus enables investors to limit inefficient over-investment in the second period and to extract some free cash flow, although efficiency of investment cannot be reached.
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15 The initial setup of the firm can easily be modeled in the way described by Myers (2000) -if investors anticipate the equity trap, they will demand a sufficient compensation ex-ante and will force managers to co-invest (potentially with human capital), claiming a share in
C. Effect of Changes in the Tax Rate
The results of the above analysis depend crucially on the liquidation threat and on the costs of collective action that make interference for small deviations from efficient investment unattractive to investors. A dividend will only be paid out if the liquidation threat binds, which implies that the liquidation value is higher than the continuation value without dividends. If a tax is levied or if the tax rate changes in that situation, the liquidation value will consequently be more affected than the continuation value without dividends. Therefore, the tax changes the effectivity of the liquidation threat and as such the dividend payment and the investment efficiency.
Our model yields results that are confirmed by empirical observations. All results contribute to the overall finding that the dividend tax is negatively correlated with investment efficiency. First of all, for a given expected rate of return, a fall in the dividend tax rate increases the amount of dividends paid out and as such limits the amount that will be inefficiently reinvested:
which implies that the partial derivative of
1 will be positively correlated with the dividend tax rate:
Note that this result only holds in case of inefficient reinvestment, i.e. in case E 1 + m i r < (1 + r) . Therefore, and most importantly, overall investment efficiency falls in case the dividend tax rises. This efficiency loss is associated with the dividend decision on the intensive margin.
Second, the extensive margin of the dividend policy of a firm, i.e. the decision to pay out a dividend or to abstain from dividend payments, depends, as we have seen above, on the expected rate of return in the second period. The threshold level below which the expected rate of return has to fall in order to enforce a dividend payment rises in our model with a fall in the dividend tax rate, the extensive margin is therefore, as confirmed by Chetty and Saez (2005) , also affected by the tax change: Some firms will therefore pay out dividends for the first time if the dividend tax rate falls:
the firm's assets that is larger than their input. This division of the firm's assets between corporate insiders and corporate outsiders does not affect the liquidation threat or the dividend payment. In that situation, the amount put up ex-ante is decreased by a rise in dividend taxation. Alternatively, the setup can be justified in case investors learn the true efficiency of the project after the return has accrued for the first time in the first period. The expected rate of return in our model then becomes a certain return, and the case we are interested in is the case in which the low return will accrue. This decision at the extensive margin also has an impact on overall investment efficiency, since it lowers the threshold below which the rate of return has to fall in order for the liquidation threat to bind and a dividend payment to be enforced. It therefore increases the manager's discretion, which lowers overall investment efficiency.
Analyses of the 2003 dividend tax cut in the United States have, at least in part, yielded support for our theoretical results. Chetty and Saez (2005) show -without analyzing the effect of the tax cut on investment efficiency -that the dividend decisions at the intensive and at the extensive margin were in line with our theoretical results: They state that the tax cut has caused both a rise in dividend payments of firms traditionally paying out dividends and the initiation of dividend payments for some firms that have not distributed dividends so far.
A fall in the tax rate thus leads to a decline in the amount reinvested by those firms that pay out a dividend while leaving the amount reinvested of those firms that do not pay out a dividend unaffected. This result contradicts both the "old" and the "new" view of dividend taxation and illustrates how the inclusion of agency problems into a simple model of investment behavior and dividend taxation may change the predictions completely. It is important to note once again, however, that these results apply only to firms employing their free cash flow in an inefficient way and that are forced to pay out a dividend. When the firm is set up initially, a dividend tax rise in our model will still act in the same way predicted by the old view of dividend taxation and increase the costs of capital, thus depressing the amount of equity invested ex-ante given that the firm is financed through new equity issues.
Giving investors the possibility to liquidate the project in t = 1 resembles, in its basic idea, an option that investors hold and that they will want to exercise -for a call option -out-of-the-money. Investors in our setting will exercise the option to liquidate the project in case the liquidation value lies above the continuation value. By extending this model to n-periods, however, we solve for the optimal dividend payout by backward induction. This enables us not only to determine the price of this "option" at each point in time, but also to capture the effect repeated interaction between investors and managers on overall investment efficiency. It ensures that even in case investors take all of their future decisions into account when deciding on the continuation or liquidation, if there are important repercussions of future on present decisions, also then will a change in the dividend tax influence overall investment efficiency in the same way as in the two period model. Furthermore, this extension is an attempt to show how the corporate finance literature offers alternative modeling frameworks that can easily be applied in a different context and that yield interesting and straightforward results.
III. An n-period Framework
The two-period case is interesting in order to illustrate the basic mechanism and the functioning of the liquidation threat in a simple setting and to obtain a first insight into the effect of changes in the dividend tax rate on investment efficiency. What we are also interested in, however, is on the one hand the evolution of the capital stock over time in case of perfectly informed investors, and on the other hand the effect of uninformed, but learning investors on the interaction between investment efficiency and dividend taxation. By extending the time horizon, we account for the fact that shareholders do not threaten with liquidation once over the firm's life-cycle, as in the two-period model, but can do so repeatedly after each period, as if they hold an American option. In addition, allowing investors to learn as time goes by enables us to verify our theoretical results in a more realistic setting of uninformed investors, as it is unclear whether the effect of the dividend tax on the liquidation threat that our two-period model predicted remains unaltered in case of a repeated interaction with decreasing uncertainty: The continuation value differs from the 2-period case since all future decisions form a part of it, and the liquidation value is also different as it changes with the history of the capital stock. Furthermore, in reality investors are most likely to be uninformed in case of dispersed ownership, and dispersed ownership implies costs of collective action because of a free-riding problem, which is in line with our assumptions.
In the n-period framework, investors decide on liquidation repeatedly after each period. The liquidation threat induces managers to disgorge part of the cash flow in order to convince investors to continue with the project. As in the two-period setting, the manager is faced with two possible scenarios. If the liquidation value is smaller than the continuation value, liquidation will not be a credible option and hence, investors will not be able to enforce a dividend payment. If, however, the liquidation value is above the continuation value, then investors will obtain an immediate dividend payment which is invested at the risk-free rate of return. In each point of time, the dividend payment is chosen such that the investor is made indifferent between continuation and liquidation.
In an extension, we model uninformed, but learning investors in an n-period framework. The uninformed investor does not know the exact probability of a high rate of return, but he holds a prior probability and updates it after each realized return. Depending on the state in the capital path, the manager offers a dividend to the investors.
When uncertainty is high, the premium demanded by the investors will be higher. As uncertainty dissolves, the part of the cash flow which is at the disposal of the manager decreases and the premium declines.
A. No Uncertainty about the Firm's Expected Growth Rate
This subsection assumes full information about all model parameters. In the next subsection, the mean profitability is unknown to the investors and hence will serve as a comparison to the full information setting. In order to capture the interaction between managers and investors in case the project is inefficient in the n-period setting, we assume that the expected rate of return, E 1 + m i r , lies below the market rate of return, (1 + r). This enables us to replicate the case of free cash flow, since this setup can be interpreted as representing just one project within an otherwise profitable firm. Reinvestment in this project is inefficient from the investors' point of view, and this project should be aborted. Liquidation, however, can be averted through dividend payments which depend both on the expected return and on the capital accrued so far.
In order to extend the two-period case to n periods, a slightly different technique is employed that does not alter the underlying assumptions and parameters, however: The dividend is assumed to be a constant fraction d of the total capital stock 16 , and the manager is assumed to alter the probability with which a dividend is being paid out. Investors obtain the fraction d of the current capital with probability q, and nothing with probability
(1 − q) . By adjusting the probability q, the manager can determine expected dividends and can dissuade investors from liquidating the company. This allows us to solve the model by backward induction, leaving the agency problem and the mechanism of the liquidation threat unaffected.
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In Figure 4 , we depict the inefficient investment path using parameter values which correspond to values found realistic in the literature. The cost of collective action c is set to 30. The dividend rate in the high state is set to 5% and in case of the low state, no dividend is paid out. This assumption seems realistic in light of the fact that the fraction of dividend paying firms is decreasing the past few years (see Fama and French, 2001 ). In addition, we choose t = 50 years and r = 0.05. The results obtained by simulating the model, depicted in Figure 4 , show that the project is not liquidated, although it is inefficient to carry it through. A decrease in the tax rate, however, will depress the capital stock, thus limiting the amount of capital that has been invested in the project and ensuring that investors obtain at least some part of the cash flow. The effect of the dividend tax on overall investment efficiency has therefore remained to be negative; the higher the dividend tax rate, the lower will overall investment efficiency be. This is in line with the two-period model, as a lower dividend tax rate enables investors to force managers to disgorge a larger share of the free cash flow by increasing the liquidation value of the firm. The altered liquidation threat is once again the pivotal element that drives our findings and confirms our previous results in the n-period setting.
16 This assumption of a constant dividend yield with respect to the capital stock reflects the common corporate policy that firms wish to smooth their dividends over time.
17 All relevant technical devices of this recursive solution can be found in the Appendix. Allowing there to be uncertainty, i.e. allowing p, the probability with which the high rate of return accrues in the next period, to be not the result of the no-arbitrage condition, but rather a random variable that is updated after each realization, will now be a final validation of our theoretical results and the last illustration that dividend taxation does have a negative effect on investment efficiency even if the setting is more realistic. As the effect of learning on option prices is rather new in the corporate finance literature, we will provide a brief background and explicitly explain how beliefs are updated.
B. Learning
This subsection develops a framework for valuing the path of inefficient investment if the expected rate of return is not known to the investors. While we have assumed in the previous section that capital evolves according to a binomial tree with known probabilities, we now assume that the true probabilities are unknown to investors. The crucial role of information in the principal-agent problem between managers and investors has been widely acknowledged. La Porta, Lopez-de-Silanes, Shleifer, and Vishny (1997) and Lambert (2001) have shown that better financial reporting and/or corporate governance increase the firm value by reducing the amount that managers expropriate. Lambert, Leuz, and Verrecchia (2006) study the effect of information quality on the cost of capital and find that an increase in information quality leads to a decline in cost of capital and hence to a higher expected firm value.
Learning in binomial trees is treated in Guidolin and Timmermann (2006) ; they study the implications for prices when dividends evolve according to a binomial lattice.
18 In our setting, dividends evolve in a similar way, but while Guidolin and Timmermann (2006) compare different kinds of learning, we focus on the effects of learning on capital and inefficient reinvestment. Similar to their conclusions, we find that the properties of capital with learning differ from the full information setting in the section before, and this has repercussions on our liquidation threat. In accordance to the results of Lambert, Leuz, and Verrecchia (2006), we find that when investors' uncertainty is high, managers can appropriate a lower amount of the payoff for their purposes as the premium demanded is higher. As uncertainty dissolves, the premium shrinks and the amount reinvested rises, slowly approaching the full information level.
We suppose that the investors do not know the true value of p and instead use the past history of outcomes of K to estimate p. In our setting, we assume that investors are Bayesian learners and have a prior distribution f (p).
This prior distribution is recursively updated via Bayes' law. By following conventional rules, we assume that agents have a Beta distribution with parameters n 0 and N 0 , i.e.
where n 0 and N 0 represent the mean and the variance, respectively and n 0 , N 0 − n 0 > 0. The interpretation of this prior is that the agent has pre-sample information with n 0 of N 0 realizations being up. 19 This prior is a conjugate one, hence it is ensured that the posterior probability is also a Beta distribution. The binomial setting together with the Beta distribution yields the following posterior probability:
and j denotes the number of up movements. If we compare this expression with the prior distribution, then we see that n 0 is updated to n 0 + j by adding the number of high growth realizations between time 0 and t, while N 0 − n 0 is updated to N 0 − n 0 + (t − j), where (t − j) is the number of low growth realizations. Note that the posterior variance increases with the number of low growth states due to learning. From Kotz, Balakrishnan, and Johnson (2000) the posterior probability can be derived in closed form:
From equation 11, we immediately derive that the posterior capital is:
Loosely speaking, the capital path in case of uncertainty is equal to the average investment for all possible outcomes of the posterior probability p. In Figure 5 , we plot the investment paths in case of learning and in case of no uncertainty. One of the key results is that uncertainty decreases inefficient investments of managers. Uncertainty induces agents to demand a higher dividend from the manager, since uncertainty is high. When the expected rate of return is low relative to the risk-free rate, the manager has to pay a higher dividend and perhaps even shut down the firm. As uncertainty dissolves, the required premium declines and the capital stock approaches the full information level. The liquidation threat thus forces managers to pay out a dividend that is even higher in case we allow for uninformed investors because of the additional premium required. Inefficient investments are hence further reduced.
Most importantly, however, the tax effect still points towards the same direction, and a tax cut still increases overall investment efficiency.
We therefore concentrate on the effect of changes in the dividend tax rate on overall investment efficiency in order to find support for our theoretical finding. A confirmation of our theoretical results can be interpreted as evidence that -at least for mature firms -inefficient reinvestment declines with a tax cut, which is an implication unforeseen by both the "old" and the "new" view of dividend taxation that both do not account for the possibility of inefficient investment. In addition, an increase in investment efficiency due to a tax cut is evidence in favor of the JGTRRA of 2003 that has so far not been taken into consideration by its proponents or adversaries. This figure plots the inefficient investment path in case of no uncertainty and in case of investors' learning. We have chosen the model parameters as follows: The rate of return for the high state is 1.1, for the low state 0.90. The risk-free rate is 0.05, the tax rate in the high state is 0.2 and in the low state it is 0.05, cost of collective action are 50, prior mean is 6/10 and prior variance is 8/10. The dividend rate for the high state is 0.05 and for the low state 0. Initial capital is 100.
IV. Empirical Evidence A. Testable Hypotheses
In the discussion about the old and the new view of dividend taxation, various attempts have been made to support either view by empirical evidence. The results of these empirical studies seem to differ as sharply as the predictions in the theoretical models, which is most likely due both to limitations in the data and simplifications in the theoretical models. In our theoretical model, we illustrate one possible mechanism through which dividend taxation and investment behavior might be interrelated. It offers a testable alternative to the former approaches by focusing on investment efficiency. The general question that arises with our theoretical results is whether a cut in the dividend tax rate does indeed increase investment efficiency by acting on the principal-agent relationship between investors and managers. More precisely, our model delivers the following set of testable hypotheses: Hypothesis 1. Investment efficiency is in a positive relation to dividend-tax reductions.
Hypothesis 2. Investment efficiency is in a positive relation to dividend growth.
Hypothesis 3. Investment efficiency is in a positive relation to uncertainty about the firm's expected growth rate.
B. Data Set and Sample
To test the three mentioned hypotheses, we use balance sheet and dividend information from the COMPUSTAT database (COMPUSTAT data items are in parentheses) and analysts' forecasts on earnings from the Institutional Brokers Estimate System (I/B/E/S) database. Further, following related studies (see Chetty and Saez, 2005) , we exclude firms in the construction sector (NAICS between 22 and 23) and in the financial sector (NAICS with 52), as these two sectors are subject to special regulation and legislation. The final sample consists of 4,272 U.S. firms with data from 1980 to 2005. We choose 1980 as starting date to make our data comparable to other studies. When matching all databases together there is an unavoidable loss of data, since many firms in COMPUSTAT are not covered by I/B/E/S. Further, as noted by Hong, Lim, and Stein (2000) , the intersection of the COMPUSTAT and I/B/E/S database is heavily biased towards big firms. However, according to DeAngelo, DeAngelo, and Skinner (2004) , it is exactly large firms that pay out the largest portion of aggregate dividends. Thus, the sample covers precisely those firms which we are interested in and which can be associated with a dividend-growth series.
C. Investment Efficiency
In line with Lang and Litzenberger (1989) and Yoon and Starks (1995) , we proxy investment efficiency by Tobin's q.
Unlike, those authors, however, we use Tobin's q as a dependent variable. We follow Malmendier and Tate (2005) and calculate Tobin's q as the ratio of market value of assets to book value of assets. Market value of assets is defined as total assets (6) plus market equity minus book equity. We define market equity as common shares outstanding (25) times the year-end closing price (199) . Book equity is defined as stockholders' equity (216) minus par value (130). Book value of assets is total assets. It is generally accepted that book value is subject to distortions due for example to accounting fraud. Especially during the new economy boom in 2000, the book values of some companies do not seem to provide very reliable figures. Therefore, in line with the literature, we exclude the 5% and the 95% quantiles of Tobin's q. Contrary to the literature, however, we do not use a value of q equal to unity as a cutoff value to distinguish over-investing firms from value-maximizing ones, because the existence of some free cash flow does not necessarily imply that the overall investment efficiency is below the market. In case free cash flow is kept within the firm and reinvested, it is only the profitability of the marginal project that is affected. If we assume that those projects generating the free cash flow are highly profitable, the overall investment efficiency of the firm will not drop below one just because free cash flow exists.
20 Therefore, limiting our investigation to firms with a value of Tobin's q below one would seriously impair our results and deprive us of those firms we are most interested in, i.e.
those firms most likely to dispose of free cash flow.
D. Determinants of Tobin's q
In order to test the three hypothesis derived by our model, we need to operationalize the three variables that are assumed to influence Tobin's q: dividend-tax reductions (hypothesis I), dividend growth (hypothesis II), and uncertainty about the firm's expected growth (hypothesis III). Further, to test the robustness of the results, we consider also additional determinants of investment efficiency as proposed by the related literature.
D.1. Dividend-Tax Reductions
Following the setup of our model, in this study, we are interested in measuring dividend-tax reductions relatively to taxes on capital gains, or, in other words, the tax discrimination against dividends. For this purpose we employ the tax-preference parameter developed by Poterba (2004) . The dividend tax preference parameter is computed as the ratio of the dividend income (after the deduction of a weighted average marginal tax rate) and income from capital gains (after marginal capital gains tax), and further weighted with the share of corporate stock held by households at the respective period in time. Poterba (2004) thus obtains a measure for the investors' tax preference for dividend income over capital gain income, which captures the tax wedge between dividend and capital gains income, and also accounts for the degree to which this tax wedge should have influenced the dividend policy of a firm. A value below one indicates consequently discrimination against dividends. A rise in this ratio reflects an increase in investor preference for dividends from a tax perspective.
D.2. Dividend Growth
Out of the three explanatory variables of Tobin's q obtained by our model, dividend growth is arguably, the easiest to calculate. For each firm in our sample, we compute a dividend-growth time series by logarithmic differences of consecutive dividend payments (12).
D.3. Uncertainty about Firm's Expected Growth Rate
In order to capture the effect of uncertainty on investment efficiency in the presence of dividend taxation, a measure of uncertainty needs be introduced. Uncertainty about future profitability of the firm is unobservable and therefore difficult to measure. Different proxies have been proposed in the literature, such as firm age, analyst coverage, dispersion in analysts' forecasts, return volatility, and cash flow volatility. Unfortunately, the results on these proxies seem rather mixed and inconclusive. Firm age (see Pástor and Veronesi, 2003) , does not seem to be suitable in our setting, since we restrict our analysis to mature firms. This restriction is due to the fact that in our case, dividend payments can only occur in mature firms that have accrued cash flow in excess of all efficient investment opportunities and that are reinvesting this cash flow inefficiently rather than redistributing it to outside investors. Maturity is reached once all efficient investment opportunities are exhausted, and only then will investors try to enforce the payment of a dividend. The features we strive to examine, i.e. the effect of uncertainty on dividend payments and on the amount reinvested inefficiently, are therefore conditioned on maturity and do not apply to young, efficiently investing firms without free cash flow and dividend payments. Regarding analyst coverage, there is empirical evidence that larger coverage is likely to correspond to more information available about the firm (see Hong, Lim, and Stein, 2000) . However, these authors interpret larger analyst coverage as less asymmetric information in the market, which is not our interpretation. For these reasons, we argue that analysts' forecast dispersion is the best proxy in our setting, moreover, since recent literature has been successful in applying this measure (see Barron, Kim, Lim, and Stevens, 1998 , Doukas, Kim, and Pantzalis, 2006 , and Zhang, 2006 .
Following Lang and Stulz (1994) , Bharadwaj, Bharadwaj, and Konsynski (1999) , and Rajan, Servaes, and Zingales (2000), we employ, as further determinants for measuring q, five firm-specific control variables (market share, advertising expenditure, R&D expenditure, firm size, and leverage) and two industry-specific variables (industry capital intensity and industry average q). COMPUSTAT data items are again in parentheses.
D.4. Firm-Specific Variables
• Market Share serves as a proxy for other firm-specific assets, such as reputation or managerial skills. We define market share as earnings before income and tax (18) of the specific firm over the sum of all accrued earnings before income and tax in the specific industry. Industry is defined as all firms with the same first two NAICS codes. We expect a positive relationship.
• Advertising Expenditure (Sales (12) weighted). (45) In including advertising expenditures, we follow other empirical studies (see Montgomery and Wernerfelt (1988) and Morck and Yeung (1991) ) that have included advertising expenditures in models with Tobin's q. They find the relationship to be positive.
• R&D Expenditure (Sales (12) weighted). (46) Along the lines of Montgomery and Wernerfelt (1988) and Morck, Shleifer, and Vishny (1989) , we expect a positive relationship. Lang and Stulz (1994) find a non-significant parameter. It is important to include a measure of R&D in case R&D expenditures are not capitalized, since this would lower replacement costs and thus increase Tobin's q in a way unrelated to investment efficiency.
• Firm size. The literature is divided on the relationship between firm size and Tobin's q. Lang and Stulz (1994) find a strong negative relation, whereas Rajan, Servaes, and Zingales (2000) find no significant relation between those two variables. We define firm size as the natural logarithm of the number of employees (29).
• Leverage. We define leverage as long-term debt (9) over total asset value. The current literature reports that higher leverage induces lower q and that higher leverage is usually associated with smaller firms (Maloney, McCormick, and Mitchell (1993) and Moeller, Schlingemann, and Stulz (2004) ).
D.5. Industry-Level Variables
Industry-level variables represent characteristics of the industry impact on the performance of firms in the industry.
• Industry Capital Intensity. To comprehend the effects of entry barriers on firm performance, we include industry capital intensity in our sample. Capital intense firms face fewer competitors, which should act positively on Tobin's q. We define capital intensity as the ratio of total assets (6) to total sales (12). • Industry Average q. Effects on brand equity. We measure the industry average as the mean of q of all firms in the same industry, where industry is again defined as firms with the same first two NAICS. Since the relationship between the industry average q and the firm specific q is extremely weak due to the large number of firms in each industry, in line with Bharadwaj, Bharadwaj, and Konsynski (1999) , we do not expect there to be an endogeneity problem.
Our industry-specific variables are included in order to account for the fact that investment opportunities differ across sectors. Including the industry average q, for example, helps us to capture macroeconomic effects that influence investment efficiency in certain sectors and other unique industry characteristics not adequately captured by other control variables. This is especially important because we have pooled data from multiple industries in our sample. Table I provides summary statistics on the data used. The final sample comprised of 4,272 firms over the 15 years.
The average Tobin's q is approximately 1.99 which corresponds in terms of magnitude to the values found in the literature. The firms in the sample have an average spending in R&D and advertising of around 3 percent. The average dividend growth is around 9 percent.
In Table II we present the results for yearly cross-sectional panel regressions. The regression coefficients are consistently estimated with OLS, but the standard errors we use to compute t-statistics are corrected for autocorrelation and heteroskedasticity. To circumvent problems due to unit roots in the data, we run Phillips-Perron-Tests for each time-series and reject the null hypothesis of a unit root in the data. We also check for multicollinearity with the variance inflation factor and find that collinearity should not be an issue in our regressions.
E. Results
The coefficients for tax preference, dividend growth, and uncertainty are economically and statistically significant and have the predicted signs. Tax preference, dividend growth, and uncertainty are in a positive relation to Tobin's q, moreover, these variables explain 9% of the total variation. We also note that the coefficients remain fairly stable across all regression, whereas other coefficients can be quite variable. We note that the firm size coefficient is statistically significant and negative. This speaks against the free-cash flow hypothesis which says that firm size should be negatively related to Tobin's q. Firm size is said to proxy, among other things, information asymmetry between the manager and the investors. With this in mind, the intuition is that the larger the asymmetry is within the firm, the less efficient investments will be, which is in line with our theoretical model. Advertising and R&D are positive and statistically significant. However, the reason why we do not take it into consideration for all our regressions is due to the limited amount of data available arising from merging of the data. Both advertising and R&D had a number of missing values, since few firms report these numbers in their annual reports. 21 Industry average
Tobin's q is positive, except for two cases, which indicates that firms benefit from being in industries with higher q ratios on average. In summary, our results in terms of control variables are consistent with the findings of previous empirical studies (see Montgomery and Wernerfelt, 1988 and Stulz, 1994) . Overall, the explanatory power of our regressions is quite high. We also note that the difference between the adjusted R 2 with and without dividend growth can be as large as 10%. When we run the regression for significant values only, we find that the adjusted R 2 is 20%. Direct comparisons of our results to the literature are not available, since most papers use a year-by-year regression, moreover, no paper so far has studied the effect of dividends and uncertainty on Tobin's q on a firm-by-firm basis. 
F. Firm Size Sub-Samples
One potential concern with our findings so far is that the results may be attributable to an unusual set of firms that are not of first order economic significance. As argued by DeAngelo, DeAngelo, and Skinner (2004) , dividends are concentrated among large and profitable firms. Hence, if our results were found to hold only among the small firms that typically pay little dividends, but not among large firms that are the dominant dividend payers, then it would be difficult to argue that dividend payouts, tax issues, and uncertainty are important control variables. Moreover, Pástor and Veronesi (2003) argue that uncertainty should play a more dominant role for small and less established firms. We therefore believe it should be important to examine the relation between our main variables across subsamples sorted by firm size. To this end, we stratify our sample into three groups. The low (high) firm size bin corresponds to the lower (higher) 33% quantile. We then run the full regression and the regression with significant values only within each firm size bin as in Table II . In Table III we report the results on our regressions. We note that across the different firm size bins, the coefficients are fairly consistent. More importantly, dividend growth, uncertainty, and tax preference are significant and have the correct sign. However, we note that the regression for the large firms outperforms the other two regressions almost by double in terms of adjusted R 2 . This effect may be driven by the fact that there are fewer firms among the low and average firm size group. In summary, our firm size sub-sample analysis thus suggests that our previous results are not mainly driven by large firms. 
V. Conclusion
The models proposed in this paper investigate the interaction of dividend taxation, investment efficiency, and agency problems in a simple corporate governance framework. As a key result, we show that a fall in the dividend tax rate reduces inefficient investment. This result stands in contrast to both the old and the new view of dividend taxation.
Managers with empire building preferences use dividends to dissuade investors from liquidating inefficient projects.
A fall in the dividend tax rate improves corporate governance and mitigates agency problems, by the strength of the liquidation threat of investors.
We first introduce a very straightforward two-period model of over-investment and dividend taxation, in which investors are able to enforce a dividend payment by threatening managers with liquidation. This liquidation threat becomes binding as soon as investment efficiency is too low, i.e. as soon as the expected rate of return falls below a certain threshold which the existence of costs of collective action forces below the market rate of return. In this setting, a fall in the dividend tax rate leads to a rise in dividend payments, a fall in the amount reinvested (inefficiently) in the next period, and a rise in the threshold level of the expected rate of return below which the liquidation threat is binding. This rise in the threshold level implies that some firms may even be forced to initiate dividend payments for the first time and that overall investment efficiency is increased.
The economic implications of the presented model are found to be robust toward several settings. In order to capture the fact that equity owners can decide whether or not to liquidate a firm or a project at multiple dates and not just once over the firm's life cycle, we extend our model to n periods. Although the liquidation threat is affected by the change in the time structure, the effect of the dividend tax on the liquidation threat and therefore on investment efficiency remains unchanged. Allowing for learning investors with uncertainty about the firms' expected return does not alter the positive relationship between dividend taxes and investment inefficiency, which further reinforces our findings. In fact, uncertainty is found to have a positive impact on investment efficiency via an additional premium which investors require in order to refrain from liquidating the firm.
In the empirical analysis, we test the hypotheses obtained from our theoretical model. In particular, we test the hypothesis by considering Tobin's q as a proxy for investment efficiency and relating it to tax preferences toward dividends, dividend growth, and uncertainty. We find that, even when controlling for other variables, all coefficients reflect the predictions of our model and are statistically significant.
Overall, our results suggest that for those firms for which agency problems play an important role in the determination of the dividend policy, a fall in the dividend tax rate is beneficial to investment efficiency. In fact, the dividend tax cut seems to lower the discretionary cash flow; the overall investment efficiency rises. This finding is important both for the general treatment of dividends as taxable income and for the discussion of perpetuating the (so far) temporary dividend tax cut in the U.S. economy that forms part of the JGTRRA (2003) . This paper sheds new light on the ongoing discussion of the "old" and the "new" view of dividend taxation and on the interaction between agency problems, dividend taxation, and investment behavior. In light of the recent evidence pointing towards the crucial role of agency conflicts in the determination of dividend policies, the explicit modeling of agency issues when studying the impact of dividend taxation on efficient investments appears to be a due contribution to the existing literature.
A. Solving the n-period Model
The procedure for solving the n-period model relies on backward induction and consists of two steps: (i) setup of a tree and (ii) backward induction.
A. Tree Setup
The evolution of the firm capital (invested capital) is modeled as a bivariate binomial tree. The recombining property of the tree is ensured by the fact that dividends are defined as percentages of the current firm capital. 22 At each node, the tree branches into four subsequent nodes, depending on the rate of return on investments (1 + m i r) and on whether or not dividends are actually paid out. Table IV shows the four possible subsequent states of the world together with the resulting capital and the associated probability. Each node in the tree is unambiguously identified 
by the triple (i, j, t), where i is the number of past high returns, j is the number of times dividends were paid out, and t is a time index indicating the number of time steps since the initial investment. Figure 6 -A displays the branching of an arbitrary node K(i, j, t). The tree branches until maturity, t = n, is reached.
B. Backward Induction
The backward induction step consists of setting up an equally dimensioned tree for the continuation value, V . This tree is build by starting from the terminal nodes of the tree and working backwards. Again, each node of the tree is unambiguously identified by the triple (i, j, t). The capital obtained by investors in the terminal nodes of the tree, is determined as V (i, j, n) = K(i, j, n) × (1 − τ ). No liquidation costs arise because at the end date, liquidation is the 22 Recombining trees are computationally appealing because the number of total nodes is still manageable even for a high number of time steps. This figure shows the branching of the bivariate binomial tree for the invested capital ( Figure A) and for the continuation value ( Figure B ). Each node in the tree is unambiguously identified by the triple (i, j, t), where i is the number of past high returns, j is the number of times dividends where paid, and t is a time index indicating the number of time steps since the initial investment.
outcome of a prearranged agreement rather than the consequence of collective action. As depicted in Figure 6 -B, in all prior nodes the continuation value is determined by backward induction as
[p · (1 − q) · V (i + 1, j, t + 1)+ p · q · V (i + 1, j + 1, t + 1)+ (1 − p) · (1 − q) · V (i, j, t + 1)+ (1 − p) · q · V (i, j + 1, t + 1)] .
More precisely, the probability q is set in such a way that the continuation value equals the liquidation value, K(i, j, t) · (1 − τ ) − c. In each node, three outcomes are attainable and optimality conditions need to be checked:
1. If q ∈ [0, 1] the manager offers a dividend compensation that persuades the investor to refrain from liquidation; 2. If q < 0 the liquidation value is in any case lower than the continuation value and no dividend will be paid out by managers. The probability q is set equal to zero; 3. If q > 1 the liquidation value is always higher than the continuation value and managers cannot avoid liquidation.
